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Abstract
Anewmethod for performance validation of surface texture parameter calculation software is
introduced, focussing on functional surface texture parameters.Material ratio curves are deﬁned
algebraically and used to calculate functional surface texture parametersmathematically. Discrete
datasets are created from thematerial ratio curves and input into three third-party parameter
calculation software packages. Comparisons aremade between the software-obtained parameter
values and themathematical values, identifying signiﬁcant differences between them.Work is carried
out to highlight inaccuracies introduced by sampling discrete datasets frommathematical representa-
tions, and it is shown that the resulting variations in parameter values are insigniﬁcant compared to
the differences from themathematical values.
1. Introduction
Surface texture parameters are quantitative descrip-
tors of a surface that serve to capture certain informa-
tion about the surface to be characterised and present
that information as single values [1–4]. Each surface
texture parameter has its own unique deﬁnition
comprising an analytical operation that is performed
on the function that describes the dependence on
spatial location of the heights of the surface of interest
[5]. It is through the agreed understanding and use of
these parameters that valuable and repeatable infor-
mation about a surface can be obtained and used to
produce high quality precision parts with speciﬁc
surface properties and performance characteristics
[3, 6, 7]. Examples of surface texture control as a result
of well-deﬁned surface texture parameters include
reduced wear, increased lubricant retention and
reduced friction [8–11].
1.1. Softwaremeasurement standards
The deﬁnitions for the surface texture parameters are
given mathematically and are published in ISO
speciﬁcation standards, ensuring international agree-
ment. Surface topography data is measured at discrete
spatial locations, and so the surface texture parameter
deﬁnitions must be interpreted as numerical algo-
rithms to be applied to the data, and usually applied as
software. Several commercial software packages exist
that perform this task, and it is necessary to provide a
method of performance validation for this software to
ensure it is meeting the levels of accuracy required in
industry [12].
The current state of the art involves the use of soft-
ware measurement standards to provide validation.
Software measurement standards come in two types:
type F1 reference data and type F2 reference software
for proﬁles (or types S1 and S2 for areal) [13, 14], and
are typically provided by national measurement insti-
tutes (NMIs) [15–20]. Type F1 reference data com-
prises a set of surface measurement datasets with a set
of corresponding surface texture parameter values that
have been calculated by the NMI. Type F2 reference
software is used to calculate surface texture parameter
values for a given surfacemeasurement dataset and are
created with a focus on parameter value accuracy over
speed or extra functionalities. However, type F2 refer-
ence software are still software implementations of the
deﬁnitions, utilising ﬁnite precision arithmetic and
numerical algorithms, and are still subject to some of
the same sources of approximation as in commercial
software [12, 21]. Consequently, type F2 reference
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software may still return results that deviate from
those obtained from an exact interpretation of the
parameter deﬁnitions.
1.2. Amathematical approach
Recent work has highlighted some differences in the
obtained parameter values returned by NMI reference
software for a range of proﬁle surface datasets [21, 22].
These differences are due to differences in the implemen-
tations of the surface texture parameter calculations, and
to the use of different approximations that are intrinsic to
a numerical approach to interpreting the deﬁned para-
meter deﬁnitions. The work in [21] was performed on
proﬁle surface texture parameters, however, it is expected
that these differenceswouldbepresent for thenewer areal
surface textureparameters [17].
An approach is introduced that seeks to develop a
method for validating surface texture parameter calcul-
ation software in a way that removes reliance on type F2
reference software and their inherent inaccuracies. Such
an approach could be used alongside the current practice
of F2 reference software, and serve to create amore com-
plete, traceable assessment of software for surfacemetrol-
ogy. The new method involves creating surfaces that are
mathematically deﬁned using algebraic expressions that
express their surface height as continuous functions of
spatial location. Surface texture parameters for these sur-
faces are then evaluated accurately using the analytical
deﬁnitions of the parameters given in [2]. This approach
removes any approximations or inaccuracies that can
be introduced when dealing with numerical methods.
The resulting parameter values can then be used to valid-
ate and assess the performance of third-party surface tex-
tureparameter calculation software.
This paper focusses on the mathematical evaluation
of ‘functional’ surface texture parameters, a series of para-
meters that are calculated from amaterial ratio curve and
deﬁned in [2]. The method used to deﬁne the surfaces is
given in section 2, and the evaluation of the functional
surface texture parameters is given in section 3. Section 4
contains a performance comparison with third-party
surface texture parameter calculation software. In addi-
tion, section 5 explains someveriﬁcationmethods used in
thiswork to ensure agreement betweenanalytical anddis-
crete surface representations. Final conclusions are given
in section6.
2.Mathematically deﬁned surfaces
The new approach to the validation of surface texture
parameter calculation software relies onmathematical
deﬁnitions of surfaces. These deﬁnitions comprise
analytical functions that describe the height of the
surface at any given (x, y) point, and are used to
calculate surface texture parameter values.
The calculation of functional surface texture para-
meters ﬁrst relies on obtaining a material ratio curve
for the surface under evaluation, Smr(c). The material
ratio curve, deﬁned in [2], describes the ratio of the
area of the material at a speciﬁed height, c, to the eva-
luation area, which is the portion of the surface for
specifying the area under evaluation. Another, more
statistical interpretation of the material ratio curve is
that it is the cumulative probability function of the
height values within the evaluation area. An example
material ratio curve for a proﬁle surface measurement
is shown inﬁgure 1.
As the material ratio curve forms the basis of the
functional surface texture parameters, it is not necessary
to explicitly deﬁne a surface using an analytical function.
Instead, a material ratio curve can be analytically deﬁned,
and functional surface texture parameters can be calcu-
lated directly from that. This approach simpliﬁes the pro-
cess and removes the complexities of requiring a
mathematical operation to relate a surface height func-
tion to its cumulativeprobability function.
As the material ratio curve only relates surface
height to material ratio, the curve can be deﬁned using
a relation between just two variables. As material ratio
curves are often displayed with the material ratio on
the horizontal axis (keeping the surface height values
on the vertical axis as is the case for a traditional proﬁle
Figure 1.Examplematerial ratio curve (right) for a proﬁle surfacemeasurement (left) [2]. For thematerial ratio curve, theY-axis
deﬁnes the surface height from the lowestmeasured value and theX-axis deﬁnes thematerial ratio as a percentage. For the proﬁle
measurement, theX-axis is a distance in one direction.
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surface measurement), it has been decided to deﬁne
the material ratio curve using the inverse material
ratio, Smc(mr), with the material ratio, mr, as the inde-
pendent variable expressed as a percentage, and the
surface height as the dependent variable.
It is worth noting here that the work in this paper
deﬁnes vertical range with the lowest surface height as
0 mm . This choice differs from the convention used in
[2], in which height values are taken from the refer-
ence plane, and has been made solely to simplify the
graphs and equations for the purpose of this paper.
The shape of the material ratio curve and ﬁnal mathe-
matical values are not affected by this choice. For a
function to represent a physically realistic material
ratio curve of a measurement, it must adhere to the
following conditions:
• The value of Smc(mr) corresponding to a material
ratio value of 100% is zero, equivalent to the lowest
surface height.
• The value of Smc(mr) corresponding to a material
ratio value of 0% is the highest surface height value,
equivalent to the distance from the lowest surface
height.
• The material ratio curve is monotonically non-
increasing. That is, the gradient of the curve must
never be positive.
These conditions ensure that the mathematically
deﬁned curve represents a physically realistic material
ratio curve by ensuring that it encompasses the full
range ofmaterial ratios between 0%and 100%, and that
a decrease in speciﬁed surface height guarantees that no
decrease in the value ofmaterial ratio is obtained.
For this paper, material ratio curves are repre-
sented using third degree polynomial functions. Such
functions are easily able to satisfy the conditions listed
above. It should be stated here that third degree poly-
nomials are not the only option available to produce
mathematical material ratio curves, and any function
that satisﬁes the requirements of reproducing a physi-
cally realistic curve can be used. An example material
ratio curve is shown in ﬁgure 2, and is deﬁned mathe-
matically using the following polynomial:
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where ZRange is the vertical height range of thematerial
ratio curve. For the work presented in this paper,
ZRange=1 μm.
2.1.Material ratio curve evaluation
Deﬁning a surfacemathematically using amaterial ratio
curve allows for functional surface texture parameters
to be calculated without the need for an analytical
representationof theheight values of the surface.Whilst
this approach makes calculating the functional para-
meters easier, a discrete dataset describing the height
values of the surface is still required for use with surface
texture parameter calculation software.
A discrete dataset representation of the deﬁned
surface can be obtained by sampling the inverse mat-
erial ratio curve to obtain height values. Material ratio
values, in the closed interval [0%, 100%], can be input
into the material ratio curve equation, such as that
Figure 2.Material ratio curve deﬁned in equation (1).
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given in equation (1), and corresponding height values
will be returned.
It is important that a uniform distribution of mat-
erial ratio values is used to ensure a representative dis-
tribution of returned height values. An example
dataset created by sampling the material ratio curve
deﬁned in equation (1) is shown in ﬁgure 3. An array of
250 000 material ratio values uniformly-spaced
between 0% and 100% was input into equation (1) to
obtain an array of height values. The height values are
then structured into a 500×500 2D array to produce
a surface height dataset, arranged in such a way as to
ensure there are no discontinuous steps in data height
across the surface.
3. Parameter evaluation
With the surface deﬁned and sampled, the surface is
represented as both a mathematical material ratio
function, and as a discrete dataset. To evaluate the
performance of surface texture parameter calculation
software, the mathematical function is used to obtain
parameter values. These parameter values can then be
used as a reference against which the parameter
calculation software can be assessed.
3.1. Equivalent straight line
The evaluation of functional surface texture para-
meters ﬁrst requires the calculation of the equivalent
straight line. As detailed in clause 5.2 of [2], the
equivalent straight line is calculated for the central
region, which is deﬁned by the smallest gradient secant
of the material ratio curve that intersects at two points
and encapsulates 40% of the material ratio. As the
material ratio curve must be monotonically decreas-
ing, calculating the central region can be achieved by
minimising the height difference between two evalua-
tion points on the material ratio curve that are 40%
apart. Minimising the height difference can be
achieved by ﬁnding the value of the material ratio at
which the gradient of the function describing the
difference between two heights 40% apart is zero,
given by
m
S m S m
d
d
40% 0.
r
r mc rmc - + =[ ( ) ( )]
For the example material ratio curve given in
equation (1), the difference is given by the equation
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Figure 3.Discrete dataset generated by sampling thematerial ratio curve deﬁned in equation (1).
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Taking the derivative gives
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and equating to zero yields the value for the lower
central regionmaterial ratio,mr,l,
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and a value for the upper central region material ratio,
mr,u, of 70%.
The equivalent straight line is deﬁned as the
straight line within the central region that gives the
least square deviation in the direction of the surface
ordinates. To calculate the equivalent straight line, a
linear least-squares ﬁt must be applied to the material
ratio curve within the central region. This ﬁtting is
implemented by using a continuous version of the reg-
ular discrete linear least-squares operation.
A linear approximation to the material ratio curve
within the central region is required of the form
S m m ,r rmc,linear a b= +( )
which requires aminimisation of the equation
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where mr,l and mr,u are the boundaries of the central
region. Theminimisation can be found by satisfying
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Evaluating these derivatives, the solutions can be
found by solving the simultaneous equations
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For the example given in equation (1),
equations (2) and (3)become
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Finally, substituting equation (4) into equation (5)
gives the values
Z
Z
3079
5000
579
250 000
,
1 Range
1 Range
a
b
=
=-
which result in the equivalent straight line, Seq,
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ﬁgure 4 shows the equivalent straight line for the
example given in equation (1), overlaid onto the mat-
erial ratio curve shown inﬁgure 2.
3.2. Functional surface texture parameters
With the equivalent straight line calculated, the
functional surface texture parameters can be
obtained. The simplest parameter is the Sk parameter,
which is deﬁned as the distance between the highest
and lowest levels of the core surface, and can be
evaluated as
S S S
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for the example from equation (1).
Smr1 and Smr2 are obtained by ﬁnding the material
ratio values that correspond to the points on the mat-
erial ratio curve that have the same surface height
values as those obtained by evaluating Seq(0%) and
Seq(100%), respectively; that is, for Smr1 for example,
byﬁnding the solution formr of the equation
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Continuingwith the equation (1) example, this gives
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which is a third-degree polynomial equation that is
solvable using a general formula [23]. Evaluating this
formula gives the result
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Taking the positive root yields the real solution, which
is given as
S m 22.088 3%rmr1 = =
when evaluated numerically and reported to six
signiﬁcant ﬁgures. By calculating the number to high
precision, it would be possible to report the value to 16
signiﬁcant ﬁgures and give a bound on the numerical
error in that rounded value. For readability, ﬁve
signiﬁcant ﬁgures are presented here. The same
method can be used toﬁnd Smr2, giving
S 77.911 7%.mr2 =
The next parameters of interest are Spk and Svk. These
parameters are deﬁned such that they represent the
height of right-angled triangles that have Smr1 and Smr2
as thewidths of their bases, respectively, and that are of
the same areas as the ’hill area’ and ’dale area’
respectively. The hill and dale areas are deﬁned as the
areas above and below the material ratio curve which
delimit the core height Sk and are shown graphically in
ﬁgure 5. Mathematically, these areas, denoted by Sa1
and Sa2, can be obtained by integrating the material
ratio curve to obtain the area enclosed between the
material ratio limits of interest. For Sa1, the material
ratio range is m S0 r mr1  , and the area under the
highest level of the core surface should be subtracted
from the total area under the curve, given by
S S m dm S S S .
S
r r mca1
0
mc mr1 mr1
mr1ò= -( ) · ( )
For Sa2, thematerial ratio range is S m 1rmr2   , and
the area under the curve should be subtracted from the
total area under the lowest level of the core surface,
given by
S S S S S m dm1 .
S
r ra2 mr2 mc mr2
1
mc
mr2
ò= - -( ) · ( ) ( )
Substituting the required expressions into these
equations for the example deﬁned in equation (1),
whether performed manually or using a symbolic
mathematics software package, is a straightforward
task that results in long equations that do not need to
be written in their entirety here. Evaluated numeri-
cally, these equations give
Figure 4.Equivalent straight line (red) and correspondingmaterial ratio curve (blue) for the example deﬁned in equation (1).
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S 35 2948 m mma1 3 2m=
and
S 35 2948 m mm .a2 3 2m=
These areas, along with Smr1 and Smr2, can be used to
ﬁnd Spk and Svk using the simple formulae
S
S
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=
and
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S
S
2
1
,vk
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mr2
= -
giving values for the example given in equation (1) of
S 0.319 584 mpk m=
and
S 0.319 584 m.vk m=
The ﬁnal set of parameters included in this work
are the volume surface texture parameters. These rela-
tively simple parameters stem from two integral func-
tions, the void volume
V p K S p S q dq
p
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and thematerial volume
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where K is a scaling factor to convert to millilitres per
metre squared. For the work in this paper, which has
been operating in units of micrometers, K=1. With
these functions deﬁned, the volume surface texture
parameters can be obtained by evaluating the two
equations for different values of p and q. Evaluating
Vv(p) for the example given in equation (1) gives
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A similar expression can be obtained for Vm(p).
Evaluating both allows the following volume para-
meters to be obtained:
V V
V V V
V V
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4. Comparisonwith existing software
A mathematically deﬁned material ratio curve has
been used to obtain accurate parameter values that are
calculated according to the mathematical deﬁnitions
given in [2]. These parameter values can now be used
as a reference against which the results returned by
surface texture parameter software can be compared.
To perform the comparison, the material ratio curve
must be sampled to create a discrete dataset, as
explained in section 2.1.
A total of ﬁve material ratio curves were deﬁned
from third degree polynomials for use in this
Figure 5.Material ratio curve and associated hill and dale areas (shaded) [2].
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comparison, shown in ﬁgure 6, and mathematical
parameter values were calculated for each. Three sur-
face texture parameter calculation software packages
were used in the comparison, however, not all of them
gave the option to calculate every required functional
surface texture parameter. For each software package,
all additional surface dataset processing was disabled
and only the parameter calculationwas performed.
ﬁgure 7 shows the results obtained by parameter
calculation software for the ﬁve material ratio curves,
normalised to themathematical value. Note that some
parameters were not available on all parameter calcul-
ation software packages, and so some bars are not
present.
From the results, it is clear that there is some dis-
crepancy between the values obtained by each software
package. Software A obtains values more consistently
close to the mathematical value, with some compared
to the mathematical value seen for Spk and Svk for the
edge case curve. Software C performs similarly to A for
the parameters it is able to calculate, however, volume
parameters were not available. Software C also showed
Figure 6.Material ratio curves used in the comparisonwith existing software.
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a tendency to overestimate the Spk and Smr1 para-
meters. Software B shows the largest consistent devia-
tion from the mathematical value for the ﬁrst ﬁve
material ratio parameters, however, volume para-
meters showed good agreement. In particular software
B showed consistent overestimation of the Sk para-
meter, with values differing by over 50% in some cases
when compared to themathematical value. Software B
also showed consistent underestimation of Smr1, Spk
and Svk, differing by as much as 20% for the edge case
curve. Figure 7(b) shows a more detailed zoom of
ﬁgure 7(a) to better highlight the small-scale devia-
tions. Here, software A and C deviate around 1% from
themathematical value.
These results highlight the need for a new
approach to providing reference values and assessing
the performance of parameter calculation software, as
each software package is giving different results when
compared to the mathematically-deﬁned reference.
Without a traceable, mathematically obtained value,
Figure 7. Software calculation results for functional surface texture parameters, for ﬁve differentmaterial ratio curves. Software
calculated values have been normalised to the correspondingmathematically obtained parameter value, shown by the horizontal line.
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the performance of parameter calculation software
cannot be adequately assessed [12].
5. Veriﬁcation of the dataset
As the parameter calculation software operates on a
discrete dataset instead of the mathematical function,
it is important that the dataset is an appropriately
accurate representation, and that any errors that may
affect the results are identiﬁed.
5.1.Dataset height order assessment
As the only aspect of the discrete dataset of interest is
the derived material ratio curve, in principle how the
discrete height values are organised across the surface
should not be signiﬁcant. In reality, the parameter
calculation software may process the height values in a
way that is dependent on the height arrangement.
Four different datasets were created that contain
the same height values arranged in the following
orders:
1. Linearly increasing along each row, where each
subsequent row increases carrying on from the
row above. This method is used in the rest of the
paper;
2. Linearly increasing, with alternate rowsﬂipped;
3. Linearly increasing, with alternate columns
ﬂipped;
4. Randomorder.
Each of these datasets were processed by the three
parameter calculation software packages. Software A
and C showed no change in parameter values with
different ordering, suggesting that their implementa-
tions calculating the material ratio curve and its
associated parameters are independent of the arrange-
ment of the dataset height values. As software A and C
showed no change due to dataset height arrangement,
they are not included in ﬁgure 8. Software B, however,
showed signiﬁcant variation in the obtained parameter
values, as shown in ﬁgure 8. Such variation in the
obtained parameter values shows a signiﬁcant depend-
ence on the structure of the surface dataset under test.
Becauseof this, the results shown inﬁgure 7 for software
B are not completely representative of the software
performance. A different structure will likely result in
different parameter values for software B, whichmay or
maynot be closer to themathematical values.
5.2.Discretisation error
When sampling the mathematical material ratio curve
to create a dataset, only a ﬁnite number of evaluations
are performed. Because of this sampling, information
is inevitably lost when moving from a continuous to a
discrete representation, resulting in potential inac-
curacies in the calculation of parameter values com-
pared to the mathematical value. In principle, higher
density datasets should contain more information
about the surface, and so should allow parameter
values to be obtained that are closer to the mathema-
tical deﬁnition. This comes at a cost of dataset ﬁle size
and computation time.
Figure 8.Parameter values obtained by software B for four datasets with re-ordered height values. The values are normalised to the
linearly ordered dataset values.
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Table 1. Software parameter values for six dataset densities of thematerial ratio curve deﬁned in equation (1).
Dataset Size Sk/nm Spk/nm Svk/nm Smr1/% Smr2/% Vvv/mlm
− 2 Vvc/mlm
− 2 Vmp/mlm
− 2 Vmc/mlm
− 2
A 100×100 232.375 138 8 320.730 002 1 317.951 784 22.024 796 16 77.961 595 25 0.031 925 033 8 0.264 083 283 8 0.009 460 987 6 0.154 041 906 2
200×200 232.156 936 4 320.395 528 6 318.163 942 7 22.022 626 74 77.933 266 82 0.031 368 728 0.260 146 877 2 0.099 594 052 0.155 765 962 8
400×400 234.135 848 4 319.352 595 2 317.926 896 9 21.849 036 12 77.933 358 22 0.031 187 094 7 0.258 465 469 8 0.010 166 424 6 0.156 287 980 2
500×500 232.330 021 5 319.775 032 318.188 994 22.011 608 06 77.883 053 43 0.030 950 817 7 0.258 145 344 5 0.010 228 232 2 0.157 168 685 5
1000×1000 232.590 501 8 318.227 308 8 318.613 606 8 22.001 528 31 77.836 172 01 0.030 983 133 0.257 241 441 5 0.010 325 075 2 0.156 942 868 5
2000×2000 232.929 407 2 318.527 957 8 317.637 320 1 21.983 078 29 77.820 181 91 0.030 980 010 5 0.257 425 408 9 0.010 305 059 4 0.156 975 671 1
B 100×100 280.747 698 4 296.460 337 296.460 336 5 19.371 522 9 80.628 477 1 0.030 023 098 1 0.250 688 281 4 0.010 063 813 7 0.153 684 709 1
200×200 283.308 933 2 300.869 823 3 300.869 823 3 19.400 224 42 80.599 775 58 0.030 451 608 5 0.253 841 493 8 0.010 208 802 2 0.155 465 776 7
400×400 284.643 776 3 303.078 425 1 303.078 425 1 19.414 385 31 80.585 614 69 0.030 664 650 8 0.255 447 701 8 0.010 281 981 2 0.156 390 394 1
500×500 284.917 636 5 303.521 656 7 303.521 656 7 19.417 081 91 80.582 918 09 0.030 708 060 1 0.255 769 207 9 0.010 297 035 4 0.156 574 931
1000×1000 285.465 041 1 304.410 172 3 304.410 172 3 19.422 572 31 80.577 427 69 0.030 794 243 0.256 421 339 3 0.010 326 314 0.156 949 212 7
2000×2000 285.741 686 6 304.855 184 6 304.855 184 5 19.425 252 21 80.574 747 8 0.030 837 474 3 0.256 747 910 3 0.010 341 082 4 0.157 137 074 2
C 100×100 231.106 231 7 323.159 161 5 316.944 183 22.168 424 7 78.213 368 98 — — — —
200×200 232.052 581 8 324.292 455 6 317.712 514 8 22.154 964 54 78.214 454 21 — — — —
400×400 232.361 831 7 323.524 009 5 315.963 993 22.240 101 22 78.067 072 24 — — — —
500×500 231.606 094 4 321.764 976 8 314.211 354 5 22.294 017 72 78.013 580 45 — — — —
1000×1000 232.505 050 7 322.634 414 3 315.057 566 3 22.280 310 42 78.027 170 09 — — — —
2000×2000 232.382 080 1 322.878 786 7 315.446 795 4 22.291 717 5 77.994 855 5 — — — —
Mathematical value 231.6 319.578 383 3 319.578 383 3 22.088 348 38 77.911 651 62 0.030 88 0.257 075 0.010 355 0.157 325
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Table 1 shows the effects of varying the dataset
density on the calculated functional parameter values
for the material ratio curve deﬁned in equation (1).
This is performed by averaging adjacent height values
from a high density 2000×2000 dataset to create
smaller datasets. Only one dataset height arrangement
has been used here to focus the analysis solely on dis-
cretisation error, and reduce the number of presented
results. The volume parameters obtained by software
A and B show convergence towards the mathematical
value with increasing dataset density, suggesting the
mathematical value could be reached given a sufﬁ-
ciently dense dataset. Such a result implies that the
effect of discretisation is the primary contributor to
the parameter value error.
The results for the remaining material ratio para-
meters also show convergence, however, the majority
of these do not appear to be converging on the mathe-
matical value. This is shown in ﬁgure 9, in which the
values for the Sk, Spk and Smr2 parameters have been
extracted from table 1 to highlight the results more
clearly. Software B shows the most obvious signs of
convergence, while software A andC showmore varia-
tion, particularly for Sk and Spk. The lack of clear conv-
ergence on the mathematical value suggests that
without the effect of discretisation, there would still
remain an error in the calculated parameter values.
These results would imply that there is an additional
source(s) of error causing the deviation from the
mathematical value. Considering computation time,
which for some software packages can be substantially
longer for higher density datasets, increasing the data-
set density in order to obtain more accurate values
delivers diminishing returns for these parameters.
6. Conclusions
The work presented in this paper introduces a new
method for validation and performance assessment of
surface texture parameter calculation software, focuss-
ing on functional parameters. By using mathematical
functions to deﬁne material ratio curves, surface
texture parameters can be calculated accurately,
respecting the deﬁnitions of the parameters given in
standards. The resulting parameter values can be used
as reference values against which third-party software
can be compared, conﬁdent in the quality of the given
reference values. In addition, the new validation
method provides the ﬁrst steps in developing a new
way to test software whilst still leaving freedom for
software developers to design their own implementa-
tions depending on their speciﬁc constraints, such as
accuracy, speed or resource usage. This approach is an
improvement over the current practice of using
reference software, which may have the effect of
forcing particular implementations upon software
developers.
By using the material ratio curve as the basis of the
deﬁnition of the surface, discrete dataset representa-
tions of the surface can be created by sampling the
curve. These datasets can be input into third-party
software and used to test the performance of the sur-
face texture parameter calculation methods and algo-
rithms used. Additional work was carried out to
analyse the created datasets and assess whether the
methods used to produce a discrete representation of
the surface signiﬁcantly impact the functional para-
meter values obtained by the software. This work
Figure 9. Sk, Spk and Smr2 parameter values obtained by each software package for a range of increasing dataset sizes given in table 1,
normalised to themathematical values. Note that theY-axis scales are not consistent across all sub-ﬁgures due to the variation in
ranges for different parameters and software.
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revealed a dependence on dataset height order for soft-
ware B.
The results of the comparison performed in this
paper reveal differences between the parameter values
obtained by software and the values calculated mathe-
matically. The reasons for these differences are
unknown, as they are subject to the speciﬁc algorithms
used within the software. Irrespective of the reasons,
the differences highlight a need to move toward utilis-
ing mathematically deﬁned surfaces to provide trace-
able methods of verifying the calculation of surface
texture parameters. This approach can be combined
with existing methods, which allow for the assessment
of more realistic surface datasets, to provide a more
complete and traceable method of surface texture
parameter calculation validation.
6.1. Futurework
Moving on from this work, the next step is to produce
a similar framework for the popular height parameters
Sq, Ssk, Sku, etc., developing mathematically deﬁned
surfaces and the necessary mathematical operations to
calculate accurate values for these parameters. This
work will help toward obtaining a complete collection
of mathematically calculable surface texture para-
meters for [2].
In addition, futureworkwill aim to developmetrics
that can deliver simple performance assessments of
third-party surface texture parameter calculation soft-
ware. This work will streamline the experience for
third-party software users/developers, and provide
objective comparisons of the obtained parameter values
and the mathematical parameter values. Such metrics
will need to account for some of the effects observed in
thiswork, such as sampling variations, and determine at
what point is the performance of software acceptable,
given that it is unlikely that any software will be able to
return the mathematically-obtained reference value
due to the limits of a discrete representation.
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